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Langer's axillary arch · Axillary lymphadenectomy · Anatomic anomaly of the axilla Summary Background: The aim of this study was to identify the axillopectoral muscle anomaly commonly known as Langer's axillary arch, and to understand its importance in surgical procedures of the axilla. Patients and Methods: Between 2009 and 2011, 758 patients under went sentinel lymph node biopsy, axillary dissection, or both. Patients with Langer's axillary arch were identified and assessed retrospectively. The decision to cut or preserve the axillary arch was made based on clinical judgment, and patients were followedup accordingly to monitor for adverse outcomes. Results: Of the 758 pa tients who underwent axillary procedures, 9 (1.2%) were found to have a Langer's axillary arch. In 2 patients the arch was cut, and in 7 patients it was preserved. No ad verse outcomes were identified in any of the patients upon followup. Conclusion: Langer's axillary arch is a unique anatomic anomaly of the axillary region that may be problematic due to the potential risks of lymphedema and vascular or nerve compression. It is important for surgeons and radiologists alike to be aware of this anatomic variation in order to properly identify it and respond appropriately based on clinical judgment, and to complete close followup of the patient due to the potentially increased risk of adverse outcomes.
Introduction
Sentinel lymph node biopsy (SLNB) and axillary lymphadenectomy are common surgical procedures particularly for breast surgeons [1] . Knowledge of the surgical anatomy of the axilla is of great importance for many common procedures including sentinel lymph node biopsies, axillary lymphadenectomies, mastectomies, and breast reconstruction procedures. When carrying out an axillary lymphadenectomy, the boundaries of the surgical procedure form a triangle and are formed by the lateral border of the pectoralis major muscle, the axillary vein at its superior end, the border of the latissimus dorsi and the serratus anterior muscle at the base. This axillary region generally contains the neurovascular bundle, many lymph nodes and vessels, and lateral branches of the axillary nerves [1] . Additionally, several anatomic variations may be present, and awareness of such variations and their features is essential for completing axillary surgery with better outcomes [2] . The most common anatomical anomaly in the axillary region is the presence of an axillopectoral muscle, also known as Langer's axillary arch. The axillary arch is believed to be an embryological remnant of the panniculus carnosus found in mammals, although it may occur as a variation of the apectoralis quartus, intermedius, and sternalis. This muscle group is highly developed in lower mammals and forms the pectoral muscle group [3] [4] [5] . The axillary arch muscle has variable nerve supply but may be innervated by the lateral pectoral or thoracodorsal nerve to name a few variations [3, 6] . The blood supply to the axillary arch is generally from the lateral thoracic vessels [3] . Langer's axillary arch presents with many anatomic variations. This anomaly may be found in 7-8% of the population with a prevalence range of 7-27% and higher prevalences noted in cadaveric dissections [1, 3, 4, 7, 8] . The most common variation of Langer's axillary arch passes over the neurovascular bundle in the axillary arch and extends from the anterior border of the latissimus dorsi to the posterior surface of the tendon of the pectoralis major muscle [1, 3, 4, 8] . The arch generally originates from the latissimus dorsi or occasionally the pectoralis major, and may insert in a variety of locations including the pectoralis major or pectoralis minor, coracobrachialis, short head of the biceps brachii, teres major, long head of the triceps brachii, coracoid process, axillary or brachial fascia, coracoid process, or medial epicondyle of the humerus [3, 5] . The main purpose of this study was to properly identify the axillopectoral muscle commonly known as Langer's axillary arch, and to understand its importance in surgical procedures such as axillary lymphadenectomy and sentinel lymph node biopsy.
Patients and Methods
Between February 4th, 2009 and September 14th, 2011 758 patients underwent an axillary procedure (SLNB, axillary dissection, or both) at the University of Istanbul Institute of Oncology. The procedures were completed by a breast surgeon in the case of breast cancer patients and by a plastic surgeon in the case of melanoma patients. During the course of these procedures, 9 patients were identified to have a unique anatomic anomaly in the form of an axillopectoral muscle, also known as an axillary arch, based on relevant surgical anatomic landmarks. Preservation or cutting of the axillary arch was completed based on appropriate clinical Fig. 1 a, b. Langer's axillary arch (AV = axillary vein; AA = axillary arch; LD = latissimus dorsi; PM = pectoralis major).
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Karanlik/Fathalizadeh/Ilhan/Serin/Kurul judgment at the time of the procedure. The characteristics and data of these 9 patients were identified, and the patients were followed up to evaluate for potential adverse consequences of the procedure and for outcomes associated with preservation versus sacrifice of the axillary arch. Specifically, patients were evaluated in a follow-up clinical examination. Additionally, upper and lower arm measurements were evaluated the day following the axillary procedures and in further patient follow-up to monitor for lymphedema as one of the major potential complications. The clinical event rate was low, and thus no comparative statistics were completed.
Results
In the time period described, 758 axillary procedures were carried out. 395 (52%) of these patients were breast cancer and 363 (48%) melanoma patients. Of these, 9 (1.2%) patients were identified to have an axillary arch. The frequency of axillary arch was 1.3% (5/395) in breast cancer patients and 1.1% (4/363) in melanoma patients. The distribution of the axillary arch among men and women was similar (1.3 and 1%). The mean age of identified patients was 49.9 years (range 28-72 years). The average body mass index was 24.1 (20.6-26.8). 4 male melanoma patients were identified and 5 female breast cancer patients. 4 patients underwent SLNB, 4 underwent SLNB plus axillary dissection, and 1 patient underwent axillary dissection only. Axillary arches were identified in the 9 patients; 2 of the arches were cut whereas 7 were preserved. Of the patients who had the axillary arch cut, 1 was a breast cancer patient and 1 was a melanoma patient. All of the identified axillary arches were found to extend from the lattisimus dorsi to the pectoralis major muscle ( figs. 1 a and  b) . The average follow-up time was 22.4 months (range 3.9-35.4 months). Patient characteristics are summarized in table 1. Follow-up demonstrated no identifiable adverse consequences attributable to the presence of an axillary arch. In particular, no identified upper limb lymphedema, thoracic outlet syndrome, or axillary vein or nerve compression were noted. All of the patients had maintained the full range of mobility upon their follow-up clinical examination.
Discussion
As the most common anatomical anomaly in the axillary region, the axillopectoral muscle known as Langer's axillary arch is a key landmark that should be identifiable to surgeons and radiologists alike. The incidence of axillary arch identified in our patient population was 1.2%, consistent with other clinical evaluations, yet less than the 7-8% identified in cadaveric studies. Anatomic studies demonstrate a 2-3-fold higher rate of identification of the axillary arch [1, 3, 4, 7, 8] . Whether the difference in surgical and anatomical incidence reflects a failure of reporting, recognition, or that sentinel nodes under an arch form only a small percentage, is not known. Sex differences, experience of the surgeon, and awareness of axillary arch anomaly probably contribute to the difficulty in discerning the true incidence. However, our data represents the work of 2 experienced surgeons in a single center. Also, this discrepancy may be largely attributed to the specific aim of cadaveric studies to identify such anatomic anomalies and the limitations of smaller axillary procedures such as SLNB where the anatomy of the axilla may not be fully identified.
As noted previously, the anatomic variations of Langer's axillary arch are manifold, and the presence or absence of this anatomical variation should be ascertained in every SLNB or dissection due to the possible complications that may result with this ectopic muscle [9] . Langer's axillary arch has been implicated in concealing level I lymph nodes in axillary dissection and thereby resulting in erroneous supra-axillary dissection [3, 4, 6] . Additionally, the risk of neurovascular compression leading to postoperative upper limb lymphedema and thoracic outlet syndrome has also been described [1] [2] [3] [4] 7] . This compression has been noted particularly during abduction or external rotation of the arm [1, 7] . Compression of the brachial plexus, particularly of the median nerve, and the contribution from the medial and lateral cords is a known risk [2, 4] . With regards to hemodynamic compromise, 1 study noted no change in hemodynamic parameters in the arteries but compression of venous blood flow with compensatory increased blood velocity [7] . The axillary arch muscle also has Surgical Importance of Axillary Arch 427 the pectoralis major. The anatomic variations of the axillary arch are numerous, and the presence or absence of the muscle should be identified in every axillary procedure due to the potential complications that may result. The presence of an axillary arch may conceal the lateral level I lymph nodes, and thus identification of this anatomic variation is essential for surgeons to ensure appropriate axillary dissection. In the cases described in this study, the surgeons completing the procedures used their own clinical judgment in identifying whether they perceived the axillary arch as potentially problematic for the patient, resulting in the decision to preserve or cut the arch. No adverse consequences were identified among these described cases, and thus we support that it is important for surgeons to assert their clinical judgment in determining how to handle identified axillary arches. In such patients, particularly those in whom the axillary arch is preserved, it is particularly important to ensure adequate clinical follow-up to evaluate for potential adverse outcomes. Based on the aforementioned reasons, early recognition of an axillary arch is of great clinical importance.
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been also associated with major thrombosis of the upper extremities [2] . Thus, awareness of the possible complications of an axillary arch muscle and the understanding that this muscle anomaly is not functionally significant demonstrate that this muscle group can be cut without any functional deficit [1] .
Based on the described potential complications and the ease with which these complications may be avoided through simple dissection of the muscle group, early identification of the axillary arch muscle is important in clinical practice. 1 study described how 'radiologists' familiarity with the arch can improve their recognition of the muscular variant so that they can communicate appropriate clinical correlations to the referring physicians.' Although routine preoperative magnetic resonance imaging (MRI) for the evaluation of the arch is not a current recommendation, MRI may serve as a means to assess the anatomic correlations between the arch and lymph nodes and the brachial plexus [4] . Other options, such as the use of multi-detector row computed tomography have been employed as a means of diagnosing an axillary arch for preoperative and intraoperative planning and navigation of SLNB, whereby the undetected presence of an axillary arch has been described as a 'pitfall' [10] . Thus, the clinical significance of the presence of an axillary arch has been defined. Further investigations into possible imaging modalities for preoperative recognition of the arch are warranted.
All of the examples of the axillary arch identified in this study demonstrate the most common version of this anatomic variation, with the arch extending from the latissimus dorsi to
